The mustard TPI was purified by modifying the method of Sharma et al. 2006 . 100gm of RoAgro 5444 mustard 2 seeds were homogenized in homogenization buffer: 50mM sodium phosphate buffer, pH 7.5 containing 0.15M 3 sodium chloride (NaCl), 3mM EDTA and 2% n-butanol. The crude extract was centrifuged at 8000rpm for 15 4 minutes in a REMI cooling centrifuge. Particulate matter was discarded. The supernatant was collected and 5 fractionated by 40-60% ammonium sulphate saturation. The precipitate collected by centrifugation at 10,000 6 rpm for 30 minutes at 4°C was dissolved in minimum amount of 50mM sodium phosphate buffer pH 7.5 and 7 dialyzed thrice against the same buffer. The dialyzed sample was chromatographed on the Sephacryl S-100 8 column (55×1.9), equilibrated with 50mM sodium phosphate buffer pH 7.5. Fractions of 5 ml were collected 9 and assayed for protein and TPI activity.
11

Assay of thiol proteinase inhibitory activity
12
The specificity of the purified cystatin towards thiol proteinases was assessed by its ability to inhibit the 13 caseinolytic activity of papain by the method of Kunitz (1947) . Aliquots of papain solution (0.2mg/mL) were 14 activated with 0.14 M cysteine and 0.047 M EDTA at 37ºC for 10 minutes in 50mM sodium phosphate buffer, 15 pH 7.5. the activated papain was then incubated with 0.2mL of the purified inhibitor for 30 minutes at 37ºC. the 16 reaction volume was 1mL. the reaction was initiated by addition of 1mL of 2% casein solution to the reaction 17 mixture and incubated for 30 minutes at 37ºC. the reaction was stopped by adding 1mL of 10% trichloroacetic 18 acid solution . the particulate matter was removed by centrifugation at 2500rpm for 10 minutes. Colour was D r a f t 6
Electrophoresis
1
The homogeneity of the purified protein preparation was checked by 2D gel electrophoresis. 200µg of the 2 chromatographed protein was focused on IPG strips, pI 3-10, according to the protocol of Khan et al. (2014) , 3 using a IEF100 First-dimension Isoelectric Focusing Unit, Hoefer, Inc. USA. After focussing, the IPG strip was 4 subjected to the same treatment as that described by the aforementioned group. The IPG strip was then placed 5 on a 12.5% SDS-polyacrylamide gel and electrophoresis was performed at a constant voltage of 100V. The gels 6 were stained with a 0.1% Coomassie brilliant blue R-250 preparation for 1 hour. Destaining was performed 7 using a methanol (20%), glacial acetic acid (10%) and distilled water solution.
8
To determine the molecular mass of the purified TPI, the samples were electrophoresed on 12.5% SDS 9 polyacrylamide gels in the presence and absence of reducing agent, β mercapto ethanol (Laemmli 1970 
10
inhibition by the treated mustard cystatin was determined by the procedure reported by Kunitz (1947) .
12
Hydrodynamic Properties
13
The stokes radius (r) of the purified inhibitor was determined by running the inhibitor on a Sephacryl S100-HR 
2
The stoichiometry of papain inhibition by mustard cystatin was determined by Isothermal Calorimetry (ITC) 3 using MicroCal VP-ITC (Malvern Instruments). Both papain and mustard cystatin solutions were prepared in 4 50mM sodium phosphate buffer (pH 7.5). Prior to experiment, the papain (100µM), cystatin (10µM) and buffer 5 solutions were filtered and then degassed for 10 minutes at 37ºC using the Microcal Thermovac attachment of 6 the instrument. The reference and sample cells were filled with the buffer and inhibitor solutions respectively.
7
The protein solution in the sample cell was stirred at 309rpm and titrated with 29 consecutive 10µL injections of 8 papain. Control experiments involved titration of papain with buffer alone and the integrated data was 9 subtracted from the data obtained from the papain-cystatin titration to eliminate the heat of dilution. The 10 integrated heat data of the titration were then analysed by the MicroCal analyser.
11
K i determination
12
Varying concentrations of the purified TPI (0.6µM-0.30µM) were made to react with papain, ficin and 13 bromelain fixed at 0.6µM. Residual activity was measured using casein as substrate (Kunitz 1947 
11
To evaluate the stability of the papain and phytocystatin complex, MD studies were performed. GROningen
12
MAchine for Chemical Simulations (GROMACS) v5.0.7 package (Abraham et al., 2015) was considered for 13 this study. Protein topology was prepared considering 'GROMOS96 43a1' force field (Scott et al., 1999 ) using 14 the module 'gmx pdb2gmx' of GROMACS. The solvated system had a net charge of +2.0. Therefore, 2
15
Chloride ions were added to neutralize the system. The system was then minimized using the steepest descent 18 equilibration run. Equilibrated system was subjected to a 100 ns long MD run at 300K to confirm stability of the
19
given system. The hydrogen bonds between papain-phytocystatin and the root mean square deviation (RMSD)
20
of the proteins, its complex were calculated using the module 'gmx hbond' and 'gmx rms' modules of 21 GROMACS respectively. Similarly, 'gmx energy' was considered to elucidate the interaction energy pattern 22 during 100 ns MD simulation.
24
Statistical Analyses
25
Each experiment was performed three times to check the reproducibility of the results. The data was expressed
26
as the Mean ± standard error mean (SEM) for three independent experiments. The statistical significance was D r a f t
Results 1
Purification of the inhibitor
2
In the present work, the TPI purification procedure involved two steps after homogenization: ammonium 3 sulphate precipitation (40-60%) and gel filtration chromatography on Sephacryl S-100 HR column. Table 1 4 summarises the progress of purification. The inhibitor eluted as a single peak giving significant papain 5 inhibition (figure 1). The fractions corresponding to the peak were pooled and used for further analysis. The 6 inhibitor was purified with a fold purification of 204 and a per cent yield of 24.3.
8
Homogeneity of the purified mustard TPI
9
The inhibitor eluted as a single symmetric peak with significant papain inhibitory activity (figure 1). Moreover,
10
the purity and homogeneity of the preparation was envisioned by 2D gel electrophoresis (figure 2). 
12
Properties of the purified TPI
16
as determined by gel filtration on Sephacryl S100-HR column was 18.6kDa. It was further confirmed by SDS-
17
PAGE under reducing and non-reducing conditions. The molecular weight obtained under reducing conditions 18 was 18.3kDa while that under non-reducing conditions was 18.1kDa.
20
Sulfhydryl group estimation
21
Neither free thiol groups nor disulphide linkages were observed in the purified mustard cystatin.
23
Carbohydrate group estimation
24
The TPI was devoid of carbohydrate groups as estimated spectrophotometrically. 
2
The purified TPI was found to be quite stable and active in the temperature range of 30-60ºC (figure 4a). It 3 retained about 75% of its anti-papain activity at 70ºC. A progressive decrease in its inhibitory activity was noted 4 beyond 60ºC, with significant loss of activity at 90ºC. When incubated at 90ºC, the purified protein retained 5 40% of its anti-papain activity till 90 minutes (figure 4b). The inhibitor also retained 60% of its inhibitory 6 potential for upto 120 days at -20ºC and 55% of its inhibitory potential for upto 45 days at 4ºC (data not shown).
7
pH stability profile 8 Stability of the purified TPI was investigated as a function of pH between pH 3-12. Figure 5 shows that the 9 inhibitor is stable in the pH range of 3.0-9.0 and exhibits maximal activity at pH 7.5.Above pH 9.0, the TPI retained minimal anti-papain activity with complete loss of activity at pH 12.0.
12
Hydrodynamic properties
13
Hydrodynamic parameters as determined by the gel filtration behaviour of the purified inhibitor suggested a 14 stokes radius of 2.07 nm. Using the Stokes radius, the frictional coefficient was calculated to be 3.903x10 -8 g/s.
15
The Diffusion co-efficient was found to be 1.05x10 -10 m²/s. 
23
The energetics of the papain-mustard cystatin interaction were monitored by ITC. Figure 6 
14
The purified mustard cystatin yields typical UV absorption spectra with a maximum at 279 nm and a minimum 
The present report describes the purification and characterization of a thiol proteinase inhibitor from IndiAN 15 mustard which was found to be highly specific for cysteine proteinases namely papain, ficin, bromelain and
16
cathepsin B. Amongst these, the TPI was found to be maximally effective towards papain followed by cathepsin 
9
An investigation of the hydrodynamic parameters revealed a stokes radius of 2.07nm and a frictional co- 
20
A 280/260 absorbance ratio of 1.3 hints at a sufficiently pure protein preparation devoid of any significant 21 nucleic acid contamination (Zabriskie and DiPaolo 1988). The secondary structure of the purified inhibitor was elucidated by the far UV CD spectrum which shows negative peaks at 208 and 223nm, corresponding to the 23 alpha-helix conformational elements. Beta sheet shows a negative band at 218 nm and a positive one at 196 nm.
24
The α-helical content of the inhibitor calculated using the BestSel online program is 18.8% while the β sheet and 
10
The purified protein is a potent inhibitor of thiol proteinases. Of the plant cysteine proteinases studied, the 11 mustard TPI binds most tightly to papain, followed by ficin and then bromelain (supplementary data figure 4).
12
The ability of the plant cystatin to inhibit an animal cysteine proteinase like cathepsin B makes it a key player in 
26
cysteine proteinases proposed from crystallographic data (Bode et al. 1988; Stubbs et al. 1990 7 Q71QE1) and B.campestris (Q39270) using the EMBOSS Water tool gave 64% identity and 79% similarity.
8
Values of 33% identity and 51% similarity were observed for an alignment between B.rapa ssp pekinensis 9 (UniProt ID: Q71QE1) and B. oleracea (UniProt ID: Q2A9P9) cystatins. Based on these alignments, it was safe 10 to assume that the purified mustard cystatin will show comparable sequence homology with the above Constantly appearing residue pairs are highlighted. 8 * from the residue pairs, the first belongs to papain and second belongs to cystatin model. 
